Abstract: Rotating bending fatigue tests have been conducted at a room temperature in laboratory air using specimens of medium carbon steel (S45C), low alloy steel (SCM435) and titanium alloy (Ti-6Al-4V) with high velocity oxy-fuel (HVOF) sprayed coating of a cermet (WC-12%Co) and S45C with wire flame spraying (WFS) sprayed coating of a 13Cr steel (SUS420J2), and the fatigue strength and fracture mechanisms were studied. The fatigue strength evaluated by nominal stress was strongly influenced by substrate materials and the thickness of sprayed coatings. Detailed observation of crack initiation on the coating surface and fracture surface revealed that in the WC cermet-sprayed materials, small defects initiated at WC grain boundaries coalesced and then the crack grew rapidly in the coating, while in the 13Cr steel-sprayed material, many microcracks were initiated from defects on the coating and coalesced to be a main crack. Cracks were initiated in the substrate due to the stress concentration of the crack in the coating, which was modeled by finite element analysis. The fatigue strength of the sprayed materials was dominated by that of the sprayed coating. Thus, the fatigue strength could be evaluated uniquely in terms of the true stress on the coating surface.
INTRODUCTION
The authors have investigated the fatigue strength and fracture mechanisms of ceramics-, WC cermetand metal-sprayed medium carbon steels under a rotating bending condition at a room temperature in laboratory air [1] [2] [3] [4] . In the ceramic-sprayed materials, cracks were initiated in the top coating at the early stage of fatigue life, but they were arrested in a soft under-coating and did not grow into the substrate [1] . Similar to this behavior, in the metal-sprayed steel, cracks did not grow into the substrate from a soft metal-sprayed coating [2] . When ceramics and hard metals were sprayed directly on the substrate, cracks in the coatings did not grow into the substrate because of interfacial debonding. In these cases, the coatings did not influence the fatigue behavior of the substrate. Therefore, when S-N curves were expressed in terms of the stress calculated using the diameter of the substrate, the fatigue strengths of sprayed materials were consistent with those of the substrate [4] .
On the other hand, in the WC cermet-sprayed materials with harder coating than the substrate and high bonding strength, the coating constrained plastic deformation of the substrate and thus the fatigue strength was increased due to improved fatigue crack initiation resistance. However, when a crack was initiated in the sprayed coating at stresses higher than the fatigue limit, the crack grew rapidly in the coating. Subsequently, cracks were initiated in the substrate due to the stress concentration of the crack in the coating and then grew. The cracks in the substrate coalesced each other and formed a shallow main crack, which resulted in reduced life of fatigue crack growth [3] . These results suggest that when cracks are not initiated in the coating, the sprayed specimens do not fail, while they fail immediately after the crack initiation in the coating. Therefore, the fatigue strength of the sprayed materials which have the above fracture mechanisms may represent that of the sprayed coating itself. However, the fatigue crack initiation behavior in the sprayed coating has not been studied in detail and the method for evaluating fatigue strength has not been established so far.
In the present study, rotating bending fatigue tests were conducted on the WC cermet-sprayed materials. The same WC cermet as in a previous report [3] was sprayed onto specimens of different substrates, i.e., medium carbon steel, low alloy steel and titanium alloy. Fatigue crack initiation on the surface of the sprayed coating was observed in detail, and the method for evaluating fatigue strength was investigated. Furthermore, in order to confirm the validity of the evaluation method for other sprayed materials, additional experiments were conducted on 13Cr steelsprayed steel with different coating thicknesses.
MATERIALS AND EXPERIMENTAL PROCEDURES
Rotating bending fatigue specimens (diameter=8 mm, gauge length=10mm) were machined. The (4) in Fig. 3(c) . the 13Cr steel-sprayed material, many microcracks were initiated from defects on the coating and then coalesced to be a main crack in the coating. 3. Cracks were initiated in the substrate due to the stress concentration of the crack in the coating. The fatigue strength of the sprayed materials was controlled by that of the sprayed coatings. Thus, the fatigue strength could be evaluated uniquely in terms of the true stress on the coating surface independent of substrate material and the thickness of the coating.
